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(54) Power supply chain and chain carriage system 



(57) Apparatus for carrying one or more power con- 
duits to a movable power consumer includes one or 
more power supply chains (1 0), a carriage (40) between 
static and dynamic portions of the chain and movable in 
response to movement of the power consumer via a 
sheave (50) and cable carriage drive (52,54) and having 
rollers (40d) positioned in response to movement of the 
power consumer to support a dynamic portion of a 



power supply chain (10) when it sags in a chain guide 
tray as a result of the chain travelling beyond its self- 
supporting travel distance. The carriage rollers (40d) 
have a radius substantially less that the predetermined 
bend radius of the chain so that a compact, light-weight, 
low center-of-gravity carriage is provided for movement 
in a chain guide tray. 



SO 55 




00 
CM 
CM 

in 

CM 



UJ 



BNSDOCID: <EP 0725228A1J_> 



Primed by Rank Xerox (UK) Business Services 
2.13.0/3.4 



EP0 725 228 Al 



Description 

FIELD OF THE INVENTION 

The present invention relates to apparatus includ- 
ing a power supply chain for carrying one or more flexi- 
ble power conduits to supply power to a relatively 
movable power consumer. 

BACKGROUND OF THE INVENTION 



Metal and plastic power supply chains are well 
known for supporting one or more power supply con- 
duits or lines, such as electrical cables, fluid power 
hoses and the like, between a fixed position and a rela- 
tively movable position where the power supply chain is 
connected to a power consumer, such as movable 
machinery which can comprise, for example, a gantry or 
other crane, elevator, machine tool slide, robot, etc. The 
power supply chain typically is connected by brackets to 
a tow arm of the movable power consumer such that the 
chain is pulled or pushed at the bracket connection in 
order to effect chain travel with the power consumer. 

In some service applications involving light-weight, 
plastic power supply chains where the chain is required 25 
to travel through an extended travel stroke to provide 
power to the relatively movable consumer, the dynamic 
portion of the power supply chain is designed to sag 
downwardly when the self-supporting travel distance of 
the chain is exceeded. The sagging portion of the power 
supply chain is supported atop the static portion of the 
chain residing on a support, such as on the bottom of a 
guide tray, and frictionally slides over the static portion 
of the chain during the travel stroke of the power con- 
sumer. The dynamic portion of the power supply chain 
typically is supported on the static portion of the chain in 
the guide tray in frictional contact therewith during a 
substantial portion of the total travel stroke of the mova- 
ble power consumer. For illustration purposes, for a total 
travel stroke of the power consumer of 50 feet frictional 
engagement between the dynamic and static chain por- 
tions can occur over 35 feet of travel, while for a total 
travel stroke of the power consumer of 300 feet, fric- 
tional engagement between the dynamic and static 
chain portions can occur over 285 feet of travel. In such 
power supply cable systems, the frictional sliding con- 
tact between the dynamic and static portions of the 
power supply chain during the stroke of the power con- 
sumer causes accelerated wear of the plastic chain 
components, requiring eventual replacement of worn 
chain components. Moreover, since the power supply 
chain is pulled or pushed at the bracket connection to 
the tow arm of the movable power consumer, the fric- 
tional sliding forces between the dynamic and static 
chains portions substantially increase towing forces on 55 
the power supply chain at the bracket connection to the 
power consumer, adversely affecting movement of the 
chain and also limiting the travel stroke of the chain. 



Still further, in service applications where the power 
supply chain is received in a guide tray, the frictional 
resistance between the sagging portion and static por- 
tion of the chain when the chain is being returned to a 
less extended position by power consumer movement 
can cause upward buckling or upheaval of the dynamic 
portion of the chain out of the guide tray and possible 
loss of lateral chain stability wherein the chain buckles 
upwardly enough to fell to the side out of the guide tray 
w in extreme situations. In the event the power supply 
chain fells out of the guide tray, the operation of the 
power consumer must be stopped until the power sup- 
ply chain is positioned back in the guide tray. 

An object of the present invention is to provide 
15 apparatus including a power supply chain, power supply 
chain carriage, and optional guide tray that overcomes 
the aforementioned disadvantages of previous flexible 
power supply systems in a manner to reduce wear of 
the power supply chain components, reduce towing 
20 forces at the movable power consumer connected to the 
power supply chain, and permit an increase of the travel 
stroke of the power supply chain. 

SUMMARY OF THE INVENTION 
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The present invention provides in one embodiment 
apparatus for carrying at least one flexible power con- 
duit to supply power to a relatively movable power con- 
sumer. The apparatus comprises a power supply chain 
having a fixed end and a movable end where the chain 
is connected to the power consumer, such as a crane, 
machine tool, robot and the like. The power supply 
chain typically includes a plurality of plastic or metal 
chain links arranged end-to-end with transverse carrier 
members for supporting the flexible power conduit 
between the fixed and movable ends for supplying 
power to the movable power consumer. 

A roller carriage is disposed between static and 
dynamic portions of the chain which are interconnected 
by a chain bend of predetermined radius. The carriage 
includes wheels or rollers disposed on opposite sides 
and having a roller radius that is substantially less than 
the predetermined chain bend radius. As a result, the 
chain is spaced from and unsupported by the carriage 
rollers at the bend during chain travel. 

The carriage wheels or rollers are positioned by 
carriage movement in response to movement of the 
power consumer to support the dynamic portion of the 
chain when it sags downwardly as a result of the chain 
travelling beyond its self-supporting travel distance. The 
carriage rollers are positioned to ride on a static portion 
of the chain when the chain is not extended beyond its 
self-supporting travel distance. 

The carriage and the power consumer are drivingly 
connected by carriage drive means such that the car- 
riage is moved in response to movement of the power 
consumer and such that the carriage drives the chain by 
virtue of frictional engagement between the carnage 
wheels or rollers and the chain. An exemplary means for 
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drivingly connecting the carriage and power consumer 
includes a rotatable sheave or pulley proximate each 
end of the carriage and a pair of cables, one cable hav- 
ing an end connected to the power consumer and an 
opposite fixed end with an intermediate cable section 5 
reeved around one of the sheaves or pulleys and the 
other cable having an end connected to the power con- 
sumer and an opposite fixed end with an intermediate 
cable section reeved around the other of the sheaves or 
pulleys. One of the cables extends below a central w 
region of the carriage, and the other cable extends 
above the central region of the carriage. In this way, tow- 
ing force of the power consumer is applied to the cables 
to move the carriage which, in turn, drives the chain via 
frictional engagement between the carriage rollers and 75 
chain. 

The apparatus optionally can include an elongated 
guide tray for receiving and guiding travel of the power 
supply chain. The guide tray includes a bottom wall and 
spaced apart upstanding side walls that define a chan- 20 
nel for receiving the static portion of the chain while the 
dynamic portion of the chain extends out of the guide 
tray at a predetermined chain bend radius to the power 
consumer. Each guide tray sidewall includes a roller 
support surface that is generally coplanar with a top sur- 25 
face of the static portion of the chain and that is dis- 
posed longitudinally between the fixed end and a 
maximum position of travel of the movable end of the 
chain. The carriage is disposed in the guide tray chan- 
nel for movement in response to movement of the power 30 
consumer to position the carriage rollers on the guide 
tray roller support surfaces to support the dynamic por- 
tion of the chain when it sags into the guide tray as a 
result of the chain travelling beyond its serf-supporting 
travel distance, while the sidewalls conf ine lateral move- 35 
merit of the sagging portion of the chain. 

The carriage wheels are sized such that upon travel 
of the chain beyond its self-supporting travel distance, 
the carriage and a majority of the sagging portion of the 
chain are confined in the guide tray. In particular, the 40 
sagging portion of the chain is confined and supported 
by engagement with the carriage rollers and laterally by 
the guide tray sidewalls. 

The present invention provides in another embodi- 
ment apparatus including dual, opposed power supply 45 
chains for carrying at least two flexible power conduits 
to supply power to a relatively movable power con- 
sumer. The apparatus comprises first and second 
opposing power supply chains of the type described 
hereabove each having a fixed end and a movable end so 
where each said chain is connected to the power con- 
sumer. A chain carriage of the type described herea- 
bove is disposed between the first and second chains 
for movement in response to movement of the power 
consumer by driving connection therewith. The carriage 55 
is movable to position the carriage rollers to support a 
dynamic portion of one of the first and second chains 
when it sags into an optional elongated guide tray when 
the one chain travels beyond its self-supporting travel 
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distance and to ride on a static portion of the other 
chain, and vice versa for movement of the power con- 
sumer in the other direction. 

The present invention will be better understood by 
reference to the following detailed description taken with 
following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a longitudinal section view along a guide 
tray of an embodiment of the invention including a single 
power supply chain and carriage therein shown in ele- 
vation. 

Figure 2 is a transverse cross sectional view taken 
along lines 2-2 of Figure 1. 

Figure 3 is a transverse cross sectional view taken 
along lines 3-3 of Figure 1 . 

Figure 4 is an enlarged partial longitudinal cross 
sectional view of the fixed end of the power supply chain 
of Figure 1. 

Figure 5 is a longitudinal cross sectional view of 
another embodiment of a power supply chain/car- 
riage/guide tray system including opposing power sup- 
ply chains. 

Figure 6 is a transverse cross sectional view taken 
along lines 6-6 of Figure 1 . 

Figure 7 is a transverse cross sectional view taken 
along lines 7-7 of Figure 1. 

Figure 8 is an enlarged partial longitudinal cross 
sectional view of the fixed end of the power supply 
chains of Figure 5. 

DESCRIPTION OF THE INVENTION 

The present invention provides apparatus for carry- 
ing one or more flexible power conduits, such as one or 
more flexible electrical cables, fluid hoses, and other 
power conductors, to supply power to a relatively mova- 
ble power consumer that may include, but is not limited 
to, a crane, machine tool slide, elevator, robot, posi- 
tioner, manipulator, as well as any machine or device 
requiring electrical power and/or fluid power, such as 
hydraulic and pneumatic power. . 

Figures 1-4 illustrate apparatus pursuant to one 
embodiment of the invention including a single power 
supply chain to provide power to a power consumer, 
whereas Figures 5-8 illustrate apparatus pursuant to 
another embodiment of the invention including dual, 
opposing power supply chains to supply power to the 
power consumer. The embodiment of the invention of 
Figures 5-8 including opposing power supply chains is 
useful for supplying electrical power via one power sup- 
ply chain- and fluid power, such as hydraulic and/or 
pneumatic power, via the other power supply chain. 
Alternately, the embodiment of Figures 5-8 can be used 
when available space for power supply chains is limited 
and a more compact power supply apparatus is 
needed, regardless of the type of power conduits to be 
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carried. In Figures 5-8. like features of Figures 1-4 are 
designated with like reference numerals primed. 

Referring to Figures 1 -4, a power supply chain 10 is 
shown having a fixed end 10a and a movable end 10b 
where the chain is connected to the tow arm A of the 
power consumer PC (shown schematically). The power 
supply chain 10 is of conventional construction and 
includes a pair of side chains 12, 14 interconnected by 
a plurality of transverse carrier members 16 to form 
chain links ananged end-to-end and pivotally con- 
nected at the ends by pivot pins 20 which can be 
molded integrally with the side chains. The transverse 
carrier members 16 include upper and lower carrier sec- 
tions fastened together by fastener 16a. The carrier 
members 1 6 each are fastened between the side chains 
12, 14 by suitable fasteners (not shown) and are config- 
ured as shown in Figures 2 and 3 to support in laterally 
spaced openings 24 one or more flexible power con- 
duits (only power conduit 22a shown schematically in 
dashed lines in opening 24a). As mentioned, the power 
conduits can comprise flexible electrical cables and/or 
fluid hoses for hydraulic or pneumatic fluid. The power 
conduits extend from the fixed end 10a of the power 
supply chain 10 to the movable end 10b where the con- 
duits supply power to the power consumer PC which is 
movable relative to the fixed end 1 0a. 

The side chains 12, 14 typically comprise light- 
weight plastic side chains, although the invention can be 
practiced using metal side chains as well. The trans- 
verse carriers 1 6 typically also are made of plastic in the 
event that plastic side chains are used. Since plastic 
side chains are designed to intentionally sag in service 
when the chain travels beyond its self-supporting travel 
distance, the invention is particularly especially useful 
therewith to overcome the disadvantages mentioned 
hereabove encountered with previous power supply 
apparatus or systems using plastic power supply 
chains. 

In Figures 1-4, the power supply chain 10 is shown 
received and guided in a stationary, elongated guide 
tray 30 including a bottom wail 30a and spaced apart 
upstanding side walls 30b that define a channel 33 for 
receiving a static portion 10s of the chain 10, while a 
dynamic portion 10d of the chain 10 extends out of the 
guide tray 30 to the power consumer PC. A bend B of 
predetermined radius is provided between the static 
portion 10s and the dynamic portion 10d of the power 
supply chair) and remains generally constant during 
movement of the power supply chain as is well known. 
The chain bend radius constitutes a chain parameter 
that is predetermined by the system designer for a given 
power supply application as is well known in depend- 
ence on the dynamic bending characteristic of the flexi- 
ble power conduits supported within the power supply 
chain, and such chain characteristics such as chain 
strength and pivot range of the chain links, and other 
factors. 

In Figure 1, the power supply chain 10 is shown in 
solid lines at its unextended position relative to its fixed 
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end 10a and in dashed lines at its maximum travel posi- 
tion where the chain 10 includes a dynamic portion 10d 
that sags by design downwardly into the guide tray 30 
as a result of the chain travelling beyond its self-sup- 
porting travel distance. 

Each guide tray sidewall 30b includes a flange 31 
extending inwardly into the channel. Each flange 31 
includes an inwardly facing roller support surface that 
is generally copianar with a top surface of the static por- 
tion 10s of the chain 10 as shown in Figure 3. Each 
flange 31 is disposed longitudinally between the fixed 
end 1 0a and a maximum position of travel of the mova- 
ble end 10b of the power supply chain 10. The guide 
tray 30 does not include the flanges 31 in the channel 
33 at regions to the left of the fixed chain end 10a in Fig- 
ure 1 . Threaded fasteners 37 join the flanges 31 to the 
guide tray 30. 

The guide tray 30 can comprise a plurality of sec- 
tions joined end-to-end at flanges 30d by suitable fas- 
teners and is mounted on tray support brackets 30e by 
suitable fasteners for support on a stationary floor or 
other underlying support structure as is well known. The 
fixed end 10a of the power supply chain 10 includes a 
bracket 1 0e that is fixed by fasteners to the bottom wall 
30a of the guide tray 30. or an underlying guide tray 
support 35 shown partially in Figure 1 . Bottom wall 30a 
terminates in a pair of spaced flanges 30aa. The mova- 
ble end 10b of the chain 10 typically includes a bracket 
1 0f fastened by fasteners to the tow arm A of the power 
consumer PC. At the fixed chain end 10a, the power 
conduits 22a, etc., are connected to corresponding 
fixed power sources (not shown) via suitable slots or 
cut-outs 30g in the guide tray sidewall. 

A chain carriage 40 is disposed in the channel 33 of 
the guide tray 30 for movement in response to move- 
ment of the power consumer PC in a manner to be 
explained. The carriage 40 includes first and second 
side frames 40a, 40b shown best in Figures 2 and 3 and 
a plurality of non-rotating axles 40c .disposed trans- 
versely between the side frames and on which plastic or 
metal carriage wheels or rollers 40d are rotatably 
mounted by threaded fasteners so as to be disposed on 
opposite sides of the carriage 40 as shown in Figures 3- 
4. Each side frame 40a, 40b may comprise multiple 
frame sections fastened end-to-end together or a single 
frame member. The opposite side frames 40a, 40b are 
joined together by suitable transverse tie rod fasteners 
41 and the axles 40c. 

The carriage rollers 40d have a radius dimension 
that is independent of the predetermined radius of the 
chain bend B since the carriage wheels 40d do not sup- 
port the power supply chain 10 at the bend B. Instead, 
the carriage rollers are spaced from the power supply 
chain 10 at the bend B. As is apparent, the radius 
dimension of the carriage wheels or rollers 40d is sub- 
stantially less than that of the bend radius and the 
height dimension of the carriage side frames 40a, 40b is 
minimized as shown to provide a compact, light-weight, 
low center-of-gravity carriage that nests or resides 
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within the dimensions of the guide tray 30 as shown so 
that the static portion 10s of the power supply chain 10 
and the power conduits carried thereon are guided, con- 
fined laterally, and protected in the guide tray 30. In par- 
ticular, the carriage rollers 40d are sized such that the s 
carriage 30 and a majority of the height of sagging por- 
tion 10d of the chain 10 reside in the guide tray 30 as 
illustrated in Figure 3 when the chain travels beyond its 
self-supporting travel distance. In this way, the sagging 
portion lOd of the power supply chain 10 is confined 10 
and supported from beneath by engagement with the 
carriage rollers 40d and laterally by the guide tray side- 
walls 30b to prevent unwanted lateral chain movement. 

For purposes of illustration and not limitation, a car- 
riage roller radius of 1 .25 inches can be used in con- is 
junction with a chain bend radius of 11.0 inches in 
practicing the invention. The height of carriage side 
frames can be 1 .5 inches. 

As is apparent, the sagging portion 10d of the 
power supply chain 10 is supported by engagement 20 
with the carriage rollers 40d in a manner that reduces 
frictional resistance relative to the power supply chain 
and thus reduces wear of the chain components. More- 
over, reduced frictional resistance provided by support 
of the sagging chain portion lOd on the carriage rollers 25 
40d reduces tow forces exerted on the tow arm A of the 
power consumer PC and the tendency of the chain 10 to 
buckle or heave upwardly out of the guide tray 30 when 
the power consumer PC is moved from the dashed line 
position in Figure 1 to the left to return the chain toward 30 
the unextended position illustrated in solid lines. 

The carriage 40 is movable in the guide tray 30 in 
response to movement of the power consumer PC by 
virtue of a driving connection therewith that includes a 
rotatable sheave or pulley 50 proximate each end of the 35 
carriage 40 and first and second cables or ropes 52, 54 
having turnbuckJe ends 52a, 54a connected to the tow 
arm A of the power consumer PC and opposite ends 
52b. 54b fixed to an anchor 55. Cable 54b is connected 
to the common anchor 55 after reeving around an idler 40 
pulley 57. The cable 52 extends beneath a central 
region of the carriage 40, while the cable 54 extends 
above the central region of the carriage as shown best 
in Figures 2 and 3. The sheaves 50 are mounted on 
sheave supports 51 that, in turn, are joined by suitable 45 
threaded fasteners to the frames 40a, 40b. 

The sheave/cable means for drrvingfy connecting 
the carriage 40 and the power consumer PC provides 
carriage movement in the guide tray channel 33 in 
response to movement of the power consumer. In so 
effect, this driving connection subjects the cables 52. 54 
to forces for moving the carriage 40 and the power sup- 
ply chain 10. Moreover, the carriage 40 assists or drives 
movement of the power supply chain 1 0 by virtue of fric- 
tional engagement between the carriage rollers 40d and 55 
the chain 10. That is, the towing force of the power con- 
sumer is transmitted to the carriage 40 via the sheave 
and cable arrangement and the carriage 40 drives the 



power supply chain 1 0 via frictional contact between the 
rollers 40d and the side chains 12, 14. 

The cable/sheave driving connection between the 
carriage 40 and the power consumer PC is effective to 
move the carriage 40 in a manner to position the car- 
riage wheels 40d on the sidewall flanges 31 in channel 
33 so as to supportingly engage the dynamic portion of 
the power supply chain 10 when it sags into the guide 
tray 30 as a result of the chain travelling beyond its self- 
supporting travel distance, while the guide tray sidewalls 
30b confine lateral movement of the sagging portion 
lOd as is apparent in Figures 1 and 3. On other hand, 
the carriage 40 is moved by sheave/cable driving 
arrangement to position the carriage wheels 40d to ride 
on the static portion 10s of the power supply chain 10 
when the chain is not extended beyond the self-support- 
ing travel distance as is apparent in Figures 1 and 2. 

The length of the carriage 40 typically is selected to 
be equal to approximately 1/2 of the total travel stroke of 
the power consumer PC to locate the sheave 50 proxi- 
mate the bend radius B of the power supply chain 10. 
The location and the diameter of the sheaves 50 are 
selected, however, so as to avoid contact of the sheave 
with the power supply chain at the chain bend. The size 
(e.g. diameter) of the sheaves as well as the size (diam- 
eter) of the carriage rollers 40d can be selected to 
enhance the service lives thereof when extended travel 
of the power supply chain is required. For example, the 
diameters of the sheaves and carriage rollers may be 
increased to reduce the number of sheave or roller rev- 
olutions during chain travel within the context of the 
invention as described hereabove to increase the serv- 
ice lives thereof. 

Referring to Figures 5-8, another embodiment of 
the invention is illustrated including a pair of opposing 
power supply chains 10* providing power to a common 
power consumer PC centrally located therebetween 
such that each power supply chain 10' can accommo- 
date the entire movement of the power consumer. 

The apparatus of Figures 5-8 includes first and sec- 
ond opposing power supply chains 10' of the type 
described hereabove with respect to Figures 1 -4. Thus, 
each power supply chain has a fixed end 10a* and a 
movable end 1 0b 1 where each chain is connected to the 
tow arm A' of the power consumer PC*. Each power 
supply chain includes a pair of side chains 12', 14' inter- 
connected by a plurality of transverse carrier members 
16* for supporting respective flexible power conduits 
22a\ etc., between the fixed and movable chain ends 
10a\ 10b' for supplying power to the movable power 
consumer. -x 

A carriage 40' like that described hereabove is dis- 
posed between the first and second power supply 
chains 10* for movement in response to movement of 
the power consumer via sheaves or pulleys 50* and 
cables or ropes 52', 54*. The carriage wheels or rollers 
40d' are positioned by movement of the carriage in 
response to movement of the power consumer to sup- 
port a dynamic portion of one of the first and second 
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chains 10' (e.g. the right hand chain in Figure 5) when it 
sags into the guide tray 30' as a result of that chain trav- 
elling beyond its self-supporting travel distance. The 
support of the sagging portion 10d' of the power supply 
chain by the carriage rollers 40d* is shown in Figure 6. 5 
At the same time, the carriage wheels or rollers ride on 
the static portion 10s' of the other chain (e.g. the left 
hand chain in Figure 5) which is not extended beyond its 
self-supporting travel distance. The support of the static 
portion 10s of the power supply chain by the guide tray w 
30' is shown in Figure 7. 

As is apparent in Figures 5-8, the first and second 
power supply chains 1 0' each extend in a bend B* of pre- 
determined radius out of the guide tray 30\ The carriage 
rollers 40d* have a radius dimension that is independent 75 
of the radius of the chain bend B f since the carriage roll- 
ers 40d' do not support the chains at the bends B\ 
Instead, the carriage rollers 40d f are spaced from the 
power supply chains 10' at the bends B' as in Figures 1 - 
4. The radius dimension of the carriage rollers 40d f is 20 
substantially less than that of the bend radius and the 
height dimension of the carriage 40' is minimized as 
shown in Figures 5-8 to provide a compact, light-weight 
low center-of-gravity carriage that nests or resides 
within the dimensions of the guide tray 30' as shown so 25 
that the static portion 10s' of the lower power supply 
chain and the power conduits carried thereon are 
guided, confined laterally, and protected in the guide 
tray 30'. Also, the carriage wheels 40d' are sized such 
that the lower static portion 1 0s\ the carriage 40', and a 30 
majority of the height of the upper sagging portion 10cf 
of the upper chain 1 0' reside within the guide tray 30'. In 
this way, the sagging portion 10cT of the upper chain is 
confined and supported from beneath by frictional 
engagement with the carriage rollers 40d* and laterally 35 
by the guide tray sidewalls 30b 1 to prevent unwanted lat- 
eral chain movement 

Of course, the power supply chains 10' reverse 
position in the guide tray 30* when the power consumer 
PC is positioned at the other end of its travel stroke. The 40 
carriage 40' is moved in response to movement of the 
power consumer so as to be positioned between the 
lower static portion of one chain and the sagging 
dynamic portion of the other chains which would be 
reversed in position in the guide tray 30* when the power 45 
consumer is moved to the opposite end of its travel 
stroke. 

In addition to including a pair of opposing power 
supply chains 10' rather than a single power supply 
chain, the embodiment of Figures 5-8 differs from that of so 
Figures 1-4 in that the guide tray 30' includes sidewall 
flanges (not shown but like those flanges 31 of Figures 
1-4) only in the region of the guide tray 30' where the 
fixed ends of the chains 10' are separated; i.e. sidewall 2. 
flanges for supporting the carriage rollers 40d' extend ss 
only along the sidewalls in the vicinity of the cable 1 
access slots 30g'. 

Otherwise, the apparatus of Figures 5-8 functions 
in a manner similar to that of Figures 1 -4. 



The embodiments of the present invention 
described hereabove overcome the aforementioned 
disadvantages of previous flexible power conduit supply 
systems in a manner to reduce wear of the power sup- 
ply chain components, reduce towing forces at the tow 
arm of the movable power consumer, permit an 
increase in the travel stroke of the power supply 
chain(s), while receiving and supporting the power sup- 
ply chain(s) within a guide tray. 

Although the present-invention has been described 
in detail with respect to a power supply apparatus using 
a guide tray to receive and guide the power supply 
chain(s), these specific embodiments are offered for 
purposes of illustration and not limitation since the 
invention may be practiced without use of a guide tray 
which is optional. Moreover, although the present inven- 
tion has been described with respect to certain specific 
embodiments thereof, it is to be understood that the 
invention is not limited thereto and that changes can 
made therein without departing from the scope of the 
invention as set forth in the following claims. 

Claims 

1. Apparatus for carrying at least one flexible power 
conduit to supply power to a relatively movable 
power consumer, comprising: 

a power supply chain having a fixed end and 
a movable end where said chain is connected to 
said power consumer, said power supply chain 
including a plurality of transverse carrier members 
for supporting said flexible power conduit between 
said fixed and movable ends and having a bend of 
predetermined radius in the chain between a static 
portion and a dynamic portion thereof, 

a chain carriage disposed between said 
static portion and dynamic portion for movement in 
response to movement of said power consumer 
and having rollers on opposite sides, said rollers 
having a radius less than said radius of said bend 
such that said chain is spaced from and unsup- 
ported by said rollers at said bend, said carriage 
being movable to position said rollers to support- 
ingly engage the dynamic portion of said chain 
when it sags as a result of said chain travelling 
beyond its serf -supporting travel distance, and 

means for drivingly connecting said carnage 
and said power consumer such that said carriage is 
moved in response to movement of said power con- 
sumer and such that said carriage assists move- 
ment of said chain by virtue of frictional 
engagement between said wheels and said chain. 

The apparatus of Claim 1 wherein said power sup- 
ply chain comprises first and second elongated 
side chains and a plurality of transverse carrier 
members for the flexible power conduit. 
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3. The apparatus of Claim 2 wherein said power sup- 
ply chain comprises plastic first and second elon- 
gated side chains. 

4. The apparatus of Claim 1 wherein said means for s 
drivingly connecting said carriage and said power 
consumer comprises a rotatable sheave or pulley 
proximate each end of said carriage and pair of 
cables, one cable having an end connected to said 
power consumer and an opposite end fixed in posi- to 
tion with an intermediate cable section reeved 
around one of said sheaves or pulleys and the other 
cable having an end connected to said power con- 
sumer and an opposite end fixed in position with an 
intermediate cable section reeved around the other 15 
of said sheaves or pulleys. 

5. The apparatus of Claim 4 wherein one of said 
cables extends below a central region of said car- 
riage and the other cable extends above the central 20 
region of said carriage. 



and said power consumer such that said carriage is 
moved in said channel in response to movement of 
said power consumer and such that said carriage 
assists movement of said chain by virtue of 
engagement between said wheels and said chain. 

8. The apparatus of Claim 7 wherein said power sup- 
ply chain includes a bend of predetermined radius 
between said static portion and said dynamic por- 
tion thereof, said carriage rollers having a radius 
less than the bend radius such that said chain is 
spaced from and unsupported by said rollers at 
said bend. 

9. The apparatus of Claim 8 wherein said carriage roll- 
ers are sized such that said carriage and a majority 
of said sagging portion of said chain reside in said 
guide tray when said chain travels beyond its self- 
supporting travel distance, whereby said sagging 
portion is confined and supported by engagement 
with said rollers and laterally by said sidewalls. 



6. The apparatus of Claim 1 wherein said carriage 
comprises first and second side frames arc! a plu- 
rality of axles disposed transversely therebetween 
and on which said rollers are rotatably disposed. 

7. Apparatus for carrying at least one flexible power 
conduit to supply power to a relatively movable 
power consumer, comprising : 

a power supply chain having a fixed end and 
a movable end where said chain is connected to 
said power consumer, said power supply chain 
including a plurality of transverse carrier members 
for supporting said flexible power conduit between 
said fixed and movable ends for supplying power to 
said movable power consumer, 

an elongated guide tray including a bottom 
wall and spaced apart upstanding side walls that 
define a channel for receiving a static portion of 
said chain while a dynamic portion of said chain 
extends out of said guide tray to said power con- 
sumer, each said sidewall including a surface that is 
generally coplanar with a top surface of said static 
portion of said chain and that is disposed longitudi- 
nally between said fixed end and a maximum posi- 
tion of travel of said movable end, 

a chain carriage disposed in said channel of 
said guide tray for movement in response to move- 
ment of said power consumer and having rollers on 
opposite sides, said carriage being movable to 
position sard rollers on said sidewall surfaces to 
supportingly engage the dynamic portion of said 
chain when it sags into said guide tray as a result of 
said chain travelling beyond its self-supporting 
travel distance, while said sidewalls confine lateral 
movement of said sagging portion of said chain, 
and 

means for drivingly connecting said carriage 



10. The apparatus of Claim 7 wherein said power sup- 
ply chain comprises first and second elongated 

25 side chains and a plurality of transverse carrier 
members for the power conduit. 

1 1 . The apparatus of Claim 1 0 wherein said power sup- 
ply chain comprises plastic first and second elon- 

30 gated side chains. 

12. The apparatus of Claim 7 wherein said means for 
drivingly connecting said carriage and said power 
consumer comprises a rotatable sheave or pulley 

e 35 proximate each end of said carriage and pair of 
cables, one cable having an end connected to said 
power consumer and an opposite end fixed in posi- 
tion with an intermediate cable section reeved 
around one of said sheaves or pulleys and the other 

40 cable having an end connected to said power con- 
sumer and an opposite end fixed in position with an 
intermediate cable section reeved around the other 
of said sheaves or pulleys. 

45 13. The apparatus of Claim 12 wherein one of said 
cables extends below a central region of said car- 
riage and the other cable extends above the central 
region of said carriage. 

so 14. The apparatus of Claim 7 wherein said carnage 
comprises first and second side frames and a plu- 
rality of axles disposed transversely therebetween 
and on which said rollers are rotatably disposed. 

55 15. Apparatus for carrying at least two flexible power 
conduits to supply power to a relatively movable 
power consumer, comprising: 

first and second opposing power supply 
chains each having a fixed end and a movable end 
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where each said chain is connected to said power 
consumer, each said power supply chain including 
a plurality of transverse carrier members for sup- 
porting a respective flexible power conduit between 
said fixed and movable ends for supplying power to 5 
said movable power consumer, 

a chain carriage disposed between said first 
and second chains for movement in response to 
movement of said power consumer and having roll- 
ers on opposite sides, said carriage being movable to 
to position said rollers to support a dynamic portion 
of one of said first and second chains when it sags 
as a result of said one of said first and second 
chains travelling beyond its self-supporting travel 
distance, while said rollers ride on a static portion of 75 
the other of said first and second chains, and 

means for drivingly connecting said carriage 
and said power consumer such that said carriage is 
moved in response to movement of said power con- 
sumer and such that said carriage assistsmove- 2 o 
ment of said first and second chains by virtue of 
frictional engagement between said wheels and 
said first and second chains. 

16. The apparatus of Claim 15 wherein said first and 25 
second power supply chain each include a bend of 
predetermined radius between said static and 
dynamic portions thereof and wherein said rollers 
have a radius less than the bend radius such that 
said first and second chains are spaced from and 30 
unsupported by said rollers at said bends. 

17. The apparatus of Claim 16 wherein each said - 
power supply chain comprises first and second 
elongated side chains and a plurality of transverse 35 
carrier members for the power conduit 

18. The apparatus of Claim 17 wherein each said 
power supply chain comprises plastic first and sec- 
ond elongated side chains. 40 



19. The apparatus of Claim 15 wherein said means for 
drivingly connecting said carriage and said power 
consumer comprises a rotatable sheave or pulleys 
proximate each end of said carriage and pair of 45 
cables, one cable having an end connected to said 
power consumer and an opposite end fixed in posi- 
tion with an intermediate cable section reeved 
around one of said sheaves or pulleys and the other 
cable having an end connected to said power con- so 
sumer and an opposite end fixed in position with an 
intermediate cable section reeved around the other 
of said sheaves or pulleys. 



21. The apparatus of Claim 15 wherein said carriage 
comprises first and second side frames and a plu- 
rality of axles disposed transversely therebetween 
and on which said rollers are rotatably disposed. 

22. Apparatus for carrying at least two flexible power 
conduits to supply power to a relatively movable 
power consumer, comprising: 

first and second opposing power supply 
chains each having a fixed end and a movable end 
where each said chain is connected to said power 
consumer, each said power supply chain including 
a plurality of transverse carrier members for sup- 
porting a respective flexible power conduit between 
said fixed and movable ends for supplying power to 
said movable power consumer, 

an elongated guide tray including a bottom 
wall and spaced apart upstanding side walls that 
define a channel for receiving a static portion of 
each said chain while a dynamic portion of each 
said chain extends out of said guide tray to said 
power consumer, 

a chain carriage disposed in said channel of 
said guide tray between said first and second 
chains for movement in response to movement of 
said power consumer and having rollers on oppo- 
site sides, said carriage being movable in said 
guide tray to position said rollers to support the 
dynamic portion of one of said first and second 
chains when it sags into said guide tray as a result 
of said one of said first and second chains travelling 
beyond its self-supporting travel distance, while 
said sidewalls confine lateral movement of said 
sagging portion of said one of said first and second 
chains, and 

means for drivingly connecting said carriage 
and said power consumer such that said carriage is 
moved in said channel in response to movement of 
said power consumer and such that said carriage 
assists movement of said first and second chains 
by virtue of engagement between said wheels and 
said first and second chains. 



20. The apparatus of Claim 19 wherein one of said 
cables extends below a central region of said car- 
riage and the other cable extends above the central 
region of said carriage. 
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23. The apparatus of Claim 22 wherein said first and 
second power supply chain each include a bend of 
predetermined radius between said static and 
dynamic portions thereof and wherein said rollers 
have a radius less than the bend radius such that 
said first and second chains are spaced from and 
unsupported by said rollers at said bends. 

24. The apparatus of Claim 22 wherein said carriage 
rollers are sized such that said carriage and a 
majority of said sagging portion of said one of said 
first and second chains reside in said guide tray, 
whereby said sagging portion is confined and sup- 
ported by engagement with said wheels and later- 
ally by said sidewalls. 
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25. The apparatus of Claim 22 wherein each said 
power supply chain comprises fist and second elon- 
gated side chains and a plurality of transverse car- 
rier members for the power conduit 

5 

26. The apparatus of Claim 25 wherein each said 
power supply chain comprises plastic first and sec- 
ond elongated side chains. 

27. The apparatus of Claim 22 wherein said means for 10 
drivingly connecting said carriage and said power 
consumer comprises a rotatable sheave or pulley 
proximate each end of said carriage and pair of 
cables, one cable having an end connected to said 
power consumer and an opposite end fixed in posi- is 
tion with an intermediate cable section reeved 
around one of said sheaves or pulleys and the other 
cable having an end connected to said power con- 
sumer and an opposite end fixed in position with an 

" intermediate cable section reeved around the other 20 

of said sheaves or pulleys. 

28. The apparatus of Claim 27 wherein one of said 
cables extends below a central region of said car- 
riage and the other cable extends above the central 25 
region of said carriage. 

29. The apparatus of Claim 22 wherein said carriage 
comprises first and second side frames and a plu- 
rality of axles disposed transversely therebetween 30 
and on which said rollers are rotatably disposed. 
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